
Using a laser aimed down the alu
minium tube supporting the t w o -
mile copper waveguide of the main 
linear accelerator, surveyors found 
a one-centimetre dip where the 
machine had been built on landfill 
rather than sandstone. However 
settling had happened before, and 
good solutions had been found. 
More problematical were small 
shifts of the thousand or so mag
nets used to bend and guide elec
trons and positrons through the 
SLC arcs. Getting these magnets 
properly positioned in the first 

place had been no easy task, and 
realignment would not be much ea
sier. 

The t w o SLC detectors survived 
wi th only minor damage. Mark II 
developed a water leak in a heat 
shield, and bearings were damaged 
in the structure supporting its end-
caps. Most impressive was how 
SLD survived, even though only 
partially assembled. Its endcaps 
swayed but did not topple; its 
600-ton liquid-argon calorimeter 
rocked inside its enormous dewar, 
but four huge 'earthquake snub-

bers' at the ends worked as de
signed and damped out the vibra
tions. 

While SLAC was lucky to have 
avoided the devastation that hit the 
rest of the Bay Area in the Great 
Quake of 1989 - the most des
tructive to hit the US since 1906 -
it reaped the benefits of years of 
foresight and planning for just such 
an eventuality. 

From Michael Riordan 

Applying the accelerator 

Originally developed as tools for 
frontier physics, particle accelera
tors provide valuable spinoff ben
efits in applied research and tech
nology. 

These accelerator applications 
are the subject of a biennial meet
ing in Denton, Texas, but the in
creasing activity in this field re
sulted this year (5-9 September) in 
the first European Conference on 
Accelerators in Applied Research 
and Technology, organized by K. 
Bethge of Frankfurt's Goethe Uni
versity. 

The meeting reflected a wide 
range of applications - ion beam 
analysis, exploitation of nuclear mi-
crobeams, accelerator mass spec
trometry, applications of photonu-
clear reactions, ion beam process
ing, synchrotron radiation for semi
conductor technology, specialized 
technology,.... Even so, an equally 
wide range of topics could not be 
covered, including radiation therapy 

and ion beam surgery, radiation 
processing of food and polymers, 
waste sterilization and pollution re
duction, mineral prospecting, ex
plosive detection,.... 

Ion beam analysis 

Ion beams are used to analyse ele
mental composit ion in many differ
ent research fields (materials 
science, metallurgy, geology, biolo
gy, medicine, archaeology, art,....). 
The main techniques used are -
Rutherford Backscattering (RBS), 
Proton-Induced X-ray Emission 
(PIXE), Charged Particle Activation 
Analysis (CPAA) or Nuclear Reac
tion Analysis (NRA), Secondary 
Ionization Mass Spectrometry 
(SIMS), Particle Desorption Mass 
Spectrometry (PDMS), and Ex
tended X-ray Absorption Fine 
Structure (EXAFS) using synchro
tron radiation. 

Many of these techniques are 
now well established and have 
their own tightly knit communities. 
NRA, well suited to light elements 
in heavy substrates (metals), is 
emerging in metallurgy and is being 
used particularly in studying the 
new generation of high-tempera
ture superconductors, revealing 
what a sample really is, rather than 
what it was intended to be before 
its constituents were made to 
react. 

CPAA is useful for ultra-low con
centrations and in wear studies. 
Applicable to most elements, it is 
sensitive down to one part per bil
lion (10~9). A range of ion energies 
(1-45 MeV) probes depths ranging 
from microns to millimetres. In 
wear studies, a thin surface layer is 
activated, and the consequent drop 
in activity reflects the underlying 
wear process. An example is the 
effect of acid-alkali level on corro
sion in nuclear reactor materials. 
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Ion implantation is now widely used to im
prove the surface properties of tool and ma
chine components. 

(Photo Ley bold AG) 

Nuclear microbeams 

Scanning by spot-size ion beams 
has transformed the PIXE tech
nique from an analytical tool into an 
imaging device to map the distribu
tion of elements - a veritable nu
clear 'microscope'. 

The resulting element maps, 
reminiscent of the structure re
vealed by optical or electron mi
croscopy, are of particular appeal 
to biologists or medical specialists 
more used to images than to spec
tral profiles. 

The technique uses a 2 to 4 
MeV accelerator (usually a tandem 
Van de Graaff), a probe (focussing 
quadrupoles, scanning coils and 
collimators), a detector and a data 
acquisit ion/processing package. 

Recent advances have reduced 
the spot size to a few microns, 
however resolution (depending on 
the spot size) has to be reconciled 
wi th sensitivity, requiring bright 
sources (but not so bright as to 
destroy the sample!). 

This technique is finding increas
ing use. Geoscience applications in
clude element zoning in minerals, 
inclusion composit ion, and grain 
boundary analysis. Its power in life 
sciences has been vividly demon
strated by studies on Alzheimer's 
disease which show that the char
acteristic senile plaques in the brain 
contain large proportions of inor
ganic elements such as aluminium, 
silicon, titanium or iron. Meteorites, 
pigment layers in old paintings, 
multilayer semiconductors, welds, 
corrosion, high temperature super
conductors,.... are just a few exam
ples of structure studies wi th PIXE. 
Combined with the depth profile 
given by RBS (Rutherford Back-
Scattering), a full three-dimensional 
element distribution can be map
ped. 

Accelerator mass spectrometry 
(AMS) 

While in ion beam analysis the ac
celerator's beam bombards the 
sample and a detector picks up the 
results of the induced atomic or nu
clear processes, in accelerator 
mass spectrometry a sample is ion
ized, accelerated and analysed di
rectly, the sensitivity being limited 
by the measuring time. 

Applications are again abundant 
- archaeology, art, paleoanthropo
logy, geology, paleoclimatology, 
extraterrestrial minerology, biolo-
g y , . -

AMS is used in the majority of 
radiocarbon dating measurements, 
giving a much greater sensitivity 
than the more traditional method of 
counting the beta decays of car
bon-14. The recent corroboration 
by three Laboratories (Arizona, Ox
ford and Zurich) of the age of the 
Turin shroud based on milligram 
samples is a case in point. 

AMS is also a useful monitoring 

procedure in the semiconductor in
dustry, where device performance 
can be easily degraded by source 
impurities. AMS can give a hun
dredfold better sensitivity than con
ventional SIMS (Secondary Ion 
Mass Spectrometry) analysis. 

Application of photonuclear 
reactions 

Sufficiently energetic photons 
(above 5 MeV) give a variety of 
useful nuclear reactions. The result 
of bremsstrahlung from electrons 
passing through a heavy metal, 
these photons are produced more 
efficiently at higher electron ener
gies, the conversion rate increasing 
tenfold f rom 5 MeV to 70 MeV. 

In Photonuclear Transmutation 
Doping (PTD) of semiconductors, 
sil icon-30 can be produced in 
phosphorus-31, the subsequent 
beta-emission giving an n-type 
doped material, while silicon-28 
can produce aluminium-27, a p-
type dopant. 
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Electron micrograph of an IBM computer 
chip made using X-ray beams from the US 
National Synchrotron Light Source at Brook-
haven. The metal lines are less than a mi
cron across. 

Other potential PTD applications 
include fission product 'incinera
t ion ' , where long-lived dangerous 
fission products such as stront ium-
90 (mean life 28 years) could be 
converted into shorter-lived iso
topes (in this case stront ium-89, 
wi th a lifetime of only 50 days). 
However this would need extreme
ly high photon fluxes, of the order 
of 1 0 1 8 per sq cm per s, and 
doubts were expressed on the eco
nomics of such a proposal. 

Ion beam processing 

Ion beam implantation is now well 
established in the semiconductor 
industry. Complementing the 3 0 0 0 
or so centres wor ldwide concen
trating on surface treatment comes 
now ion beam synthesis, to bury 
insulators (such as silicon oxide or 
nitride), conductors (metal silicides 
or metals) or semiconductors (sili
con carbide) inside a silicon sub
strate. 

The choice of energy dictates 
the implantation depth (100 to 350 
keV for the submicron range, sev
eral MeV to penetrate to micron 
depths). High doses ( 1 0 1 7 to 3 x 
1 0 1 8 ions per sq cm) are needed to 
create the buried layer. Any resul
tant defects are removed by an
nealing at high temperature. 

Ion implantation can startlingly 
change surface properties, tools 
and components becoming up to a 
hundred times more wear resistant. 
Wi th nitrogen ions, this effect is 
now understood as the formation 
of coherent precipitates of very 
finely divided nitrites which pin dis
locations and increase resistance 
to shear stress. 

The process can be carried out 
at low temperature and does not 
distort components, gives no 
boundaries liable to move under 

stress and/or corrosion, leaves a 
good surface finish and can be ac
curately controlled at all stages. 

Besides tools, it is also used for 
engine bearings and turbines in the 
automotive and aeronautical indus
tries. A related application is ion 
beam mixing to give increased dif
fusion of coatings and better adhe
sion. 

Increasing beam intensity f rom 4 
to 40 mA allows larger surfaces to 
be treated and reduces processing 
t ime. A new example is ion pro
cessed hip, knee and shoulder 
joints. However cost limits applica
tion to cases where an essential 
demand for a high quality product 
makes such meticulous care justif i
able. 

Synchrotron radiation 
in semiconductor technology 

The most successful application of 
all, synchrotron radiation, widely 
used for structure analysis in many 
different fields of science, now 
looks set to assume an additional 

important role in microlithography 
for large capacity computer memo
ries. 

Smaller spacings (line widths) on 
mass-produced computer chips 
could open the door to memory 
chips holding more than 64 Mega
bits (October 1988, page 28). For 
this, pattern definition must reach 
0.15 micron, requiring highly paral
lel radiation sources as at these 
wavelengths optical lenses are 
ruled out. 

Another example of synchrotron 
radiation at work is in the mierome-
chanical manufacture of nozzles for 
uranium isotope separation. 

Accelerator technology 

The first wave of accelerator appli
cations made parasitic use of ma
chines built for fundamental re
search. Subsequently, dedicated 
but nevertheless general-purpose 
machines appeared, such as those 
used for synchrotron radiation 
sources. 
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Physics for KAON 

Now emerging is a new genera
tion of special purpose machines 
custom-built for a particular field. 
An example is the Berlin Compact 
Synchrotron (COSY) optimized for 
work wi th high density semicon
ductor devices. Similar projects are 
afoot in the US and Japan. 

In the field of ion implantation, 
originally dominated by classical el
ectrostatic machines, there is a call 
for higher energies and intensities 
to probe deeper sample layers. 
Wi th electrostatic machines in the 
MeV range being cumbersome and 
of limited intensity, radiofrequency 
quadrupoles (RFQs), now being in
creasingly used as ion injectors in 
physics Laboratories, could fit the 
bill. While they are compact and 
easy to operate, they are more dif
ficult to tune and the initial design 
requires careful attention. 

Wi th high energy physics be
coming increasingly dominated by 
large Laboratories using giant ac
celerators, the accelerator applica
tions field is moving the other way, 
towards small, specially-designed 
machines. 

From Oscar Barbalat 

Canadian TRIUMF Laboratory Director Erich 
Vogt - looking for international partners for 
the KAON project. • 

The KAON high intensity beam fac
tory project at the Canadian 
TRIUMF Laboratory in Vancouver 
(October, page 9), continues to re
ceive favourable ratings by US nu
clear science advisory groups. Only 
the CEBAF Continuous Electron 
Beam Accelerator Facility under 
construction at Newport News, Vir
ginia, and the RHIC heavy ion col
lider proposal at Brookhaven are 
accorded higher priority. 

Meanwhile to estimate, stimulate 
and coordinate physics interest the 
KAON project team has organized 
a series of international physics 
workshops, including one at Bad 
Honnef in Germany earlier this year. 

As well as advertizing the advan
tages of signing up for KAON, 
these meetings also reflect some 
of the problem areas of current 
physics rarely mentioned in the 
mass meetings which worship the 
Standard Model. 

Aimed to give future European 
users an opportunity to shape 
KAON plans, the Bad Honnef meet
ing also covered the complementa
ry physics offered at the French 
Saturne Laboratory at Saclay and 
the COSY cooler/synchrotron pro
ject underway at Julich in Germany. 

Half the talks covered possible 
strong interaction experimental 
programmes at KAON, with hadron 
spectroscopy, where both the the
oretical and experimental situations 
are very unclear, dominating the 
discussions. The experimental 
state of affairs was covered in four 
talks. David Bugg proposed a de
vice to provide full angular cover
age of strange baryon resonance 
production, wi th better statistics 
than available bubble chamber 
data. 

Suh-Urk Chung discussed past 
and future experiments in the mass 
region of the iota/eta(1450). Bill 
Dunwoodie described the LASS 

spectrometer experiment, empha
sizing that new spectrometers built 
for this type of work at KAON 
must, to avoid kinematical gaps 
that could result in 'false' states, 
strive for wide angular coverage. 

The theory of hadronic systems 
was discussed by Frank Close, 
Stephen Godfrey, Piet Mulders, 
Fred Myhrer and Josef Speth. The 
predictions of simple quark-based 
models are quite successful, how
ever some predicted states are not 
seen at all while others are seen in 
the wrong place. Godfrey con
cluded that a lot more experimental 
information is needed to decide if a 
state seen experimentally is a pre
dicted exotic (glueball or hybrid). 

KAON would contribute signifi
cantly to the physics of hypernuclei 
(including 'nucleons' carrying 
strangeness). Bob Chrien discussed 
kaon production in this context, de
monstrating its power for testing 
models of hypernuclei with recent 
data f rom Brookhaven. Peter 
Barnes proposed an apparatus for 
the study of light hypernuclei and 
Stephan Paul described the present 
muddled status of hypernuclei con
taining sigma particles, and pre
sented an apparatus to study the 
problem at KAON. 

The long mean free path of posi
tive kaons in nuclear matter has 
lead to expectations of important 
information on nuclear properties 
f rom studies using these particles. 
Otto Hausser compared this type 
of experiment to the present nu-
cleon-nucleus program at TRIUMF. 

Accelerating polarized (spin 
oriented) protons to intermediate 
and high energies is tricky, de
manding negotiation of many depo
larizing resonances. Alan Krisch in
dicated a new solution, describing 
the success of recent preliminary 
tests of 'Siberian Snakes' at the In
diana Cyclotron (June, page 23), 
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